The hypothesis tested in this paper is that the acoustic-phonetic information at the sentence level (irrespective of the meaning of the sentence} makes it easier to interpret those cues to plosivc consonant identity which are contained in vocalic transitions. Listeners wcrc given a two-way choice in meaningful Dutch sentences which allowed two different intervocalic plosivc consonants in the same position, and from which various parts of the VCV segments (plosive burst, vocalic transitions) had been deleted. The results were compared with results from a condition in which the VCV segments were presented without the sentence context. The hypothesis was confirmed for CV transitions, except for/k/, but disconfirmed for nearly all VC transitions. This could mean that in experiments involving the perception of isolated VCV or CVC utterances, whether spoken in isolation or excised from longer utterances, the contribution of the CV transition to plosive consonant perception may be underestimated.
INTRODUCTION
Real-time speech perception is a process of continuous adjustment of decision criteria on the basis of the available information. This information is of many kinds: acoustic, phonetic, lexical, syntactic, and pragmatic. In this paper it is our aim to find out how strong the effect of the acoustic/ phonetic context at the sentence level is on phoneme identification. Res•c•g ourselves to plosive consonants, we want to create an experimental situation in which the listener is confronted with a choice between two response alternatives in a sentence position in which both alternatives are possible. We then want to compare this situation with one in which the direct cues to the plosive consonants in question (burst and surrounding vocalic transitions) are excised partly or completely from the sentences and presented in isolation. Ideally, both in the sentence context and in the isolated plosire consonant presentation, both response alternatives should be equally likely, so that the meaning of the sentence context provides no cues to the identity of the consonant to be identified. Any difference in scores between the two situations could then be attributed to the general acoustic/phonetic information: the indirect cues contained in the sentence context, such as relative duration, dynamic spectral characteristics, speaker-dependent characteristics, and so on. In practice, however, this ideal is not quite attainable, for the following reasons:.
(1} It is very difficult to construct a sufficiently large set of appropriate sentences which can take on more than one meaning, depending on which plosive consonant occurs in one position in a sentence. It is impossible, however, to make all response alternatives syntactically, lexically, and pragmatically equally probable. As a result, we have to determine and, if possible, correct our listeners' response preferences Present address: Institute of Phonefic Sciences, University of Amsterdam,
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before subjecting them to the spoken sentences.
(2) Since we are talking about the identification of phoneroes inside and outside their appropriate contexts, the decision about where to place the phoneme boundaries around our plosive consonants is of great importance. Obviously, we want to aim for boundaries which are placed in such strategic positions that all the direct phoneme cues are to be found between them, so that the rest of the sentence can only conbain the more general acoustic and phonetic information (assuming for the moment that lexical response preferences play no part). We opted for the hypothesis that all perceivable cues to plosive consonant identity are contained within the plosive burst and the vocalic transitions to,and from the surrounding vowel(s}. To be on the safe side, we placed our boundaries in the middle of the "steady state" portion(s) of the surrounding vowel(s}; even this, however, is no cast-iron guarantee that all direct cues to plosive consonant identity have been included; to check on this, we also included an experimental condition in which listeners had to identify a plosive consonant on the basis of"the rest of the sentence,"
i.e., with both hurst and transitions removed; if all direct cues have been removed, this should lead to responses at chance level.
(3) Any context is likely to be beneficial to the perception of isolated consonants: it alerts listeners and often makes their task more enjoyable. To check on this, it may be desirable to include conditions in which the isolated cons• nant is embedded in a standard carrier phrase, which is produced separately from the consonant, and to compare this with the situation in which the consonants are presented entirely by themselves. We could think of no good way, however, of embedding the isolated plosive bursts and vocalic transitions we used (see below) in a carrier phrase. Moreover, as we will indicate in the next paragraph, we were interested not so much in the overall lowering of the scores as a result of removing the acoustic-phonetic sentence context, but more in the differential effect this removal might have on the contribution of plosive burst and vocalic transitions to plosive identification.
It has been known since the fifties (see, e.g., Delattre et al., 1955) Using unvoieed (aspiratedl American English plosives (three alternatives), Amerman and Parnell (198 l) obtained a 91% correct score with isolated plosive bursts; this score increased to dose to 100% when the carrier phrase preceding the burst was left intact. The main cause of the difference was probably the presence in the eartier phrase of a vocalic transition from the final vowel of the carrier to the plosive burst which, in our terminology, is a direct cue. Consequently, this experiment does not answer our questions with regard to the contribution to plosive perception of the indirect cues provided by the wider acoustic/phonetic context of the sentence: As we have already indicated, we regard the voealie transition as an integral part of the plosive consonant. The same considerations probably apply to an experiment by Lynn and Brotman (1981) , who also investigated the effects of presence or absence of a carrier phrase on plosive consonant identification. What we are after, however, is the possible effect of "the rest of the sentence," which, ideally, should contain neither syntactic, lexical, and pragmatic cues, nor direct phonetic or acoustic cues to the identity of the relevant plosive consonant. We do suppose, however, that the sentence context contains indirect acoustic/phonetic cues such as relative duration, dynamic spectral characteristics, speaker-specific characteristics, and so on. We suspect that absence of this neutral sentence context will have an especially strong effect whenever consonant recognition is cued mainly by transitional information, since vocalic transitions are much more variable than plosive bursts: they differ substantially from vowel to vowel. It stands to reason, therefore, that the perception of vocalie transitions may benefit from a wider acoustic-phonetic context, which may provide additional stability in the form of, for instance, relative timing cues. In fact, the contribution of transitions to plosive consonant recognition in nonsynthetic speech may have been underestimated as a result of being presented outside of an appropriate acoustic-phonetic context. We decided to conduct an experiment in which subjects had to identify intervocalic plosive consonants in naturally spoken sentences, with either the burst or one or both of the surrounding voealie transitions removed. In all eases, subjeers were given a choice of two response categories, both of which yielded a meaningful sentence. In order to determine how much information is contributed by the acoustic-phonetic sentence context, subjects were also asked to make the same binary decisions on the same plos.ive consonants in meaningless VCV sequences excised from the sentences.
I. METHODS

A. Stimuli
Fifty pairs of Dutch sentences were constructed, such that the two members of each pair were identical, except for one intervocalic plosive consonant (example: "hij telde twee keer"= "he counted twice" versus "hij belde twee keer" = "he rang twice"). Most of the plosive consonants occurred at the beginning of a stressed syllable and were preceded by an unstressed vowel, usually of a different word.
Dutch has five plosives (/p,t,k,b,d/)
, so there were ten possible pairings; each pairing occurred five times in different voealic contexts; because of the much larger choice of vowels it was practically impossible to balance the vocalic contexts over the plosive pairings. The resulting 100 sentences were read by one of the authors, who took great care to pronounce both members of each pair identically, apart from the two intervocalic plosives. The sentences were read in pairs, which enabled the speaker to concentrate on avoiding any differences between the members of a pair. Each pair was read out repeatedly, until the authors were satisfied that no apparent differences remained, except between the two plosive consonants.
The recording were digitized (20 kHz, 12 bits). Around each of the disambiguating plosive consonants four segmentation points were defined:
(1) the middle of the preceding vowel; since we had found in Sehouten and Pols (1983) The four segmentation points were used to produce six different segmentation conditions, each symbolized by plus or minus signs at three positions, the first one representing presence or absence of the transition toward the burst {VC transition}, the second one that of the plosive burst, and the third one that of the transition after the burst {CV transition}:
(1) no deletion ( + + + ); {2) deletion of both voealie transitions ( --+ --}; {3} deletion of the plosive burst { + -+ ); (4) deletion of burst and VC transition ( ----+ } {5) deletion of burst and CV transition ( + ----) (6) deletion of burst and both transitions ( -----}. The deleted segments were replaced by silence.
Although we did as much as we could to make the two members of a sentence pair acoustically and phonetically neutral with respect to the response alternatives, and although both response alternatives were possible and the sentences had been chosen carefully, this did not of course guarantee that both alternatives were equally likely. To obtain a measure of response bias, we asked our subjects before the listening experiments to indicate their preference by encircling one of the two alternatives presented on a typewritten list of the 50 sentences: they were told not to think about it but to go by instinet and to finish the list within 3 min. The result is shown in Table I , in terms of response percentages; the 23 subjects gave a response for each of the five different sentences belonging to a particular plosive consonant opposition. It is clear from Table I that our stimuli are not as balanced as we would have liked, them to be: several pairs are rather far from a 50-50 split. We will see that quite different preferences emerge with an acoustic presentation.
For the sentence condition, the 600 stimuli (6 conditionsX 100 sentences) were recorded on three tapes; each tape consisted of a complete randomization of the six condi- 
B. Subjects
Subjects were 43 university students who had no reported hearing loss. They were paid for their services. Twentythree subjects were assigned to the sentence condition, and 20 to the isolated VCV condition.
C. Procedure
Up to four subjects at a time listened to the stimuli over headphones. In the sentence condition they responded by putting a circle around the preferred letter on a sheet showing the complete sentence. In each sentence the two possible response alternatives were given: one in the line space above and one in the line space below the rest of the sentence. These positions were randomized in such a way that half the time the upper alternative, and half the time the lower alternative was the correct one; moreover, in each sentence pair, each one of the two plosives was the upper alternative in haft of the conditions, and the lower one in the other half. Since it was such a simple task, subjects were not given any practice. They were told in advance that bits of particular consonants had been tampered with, but except in condition (6) ( ----), where nothing of the consonant remained, they noticed hardly any gaps.
In the isolated VCV condition, a short practice session was included. A stimulus was generated every 2 s and recorded on tape. Four subjects at a time listened to the tape over headphones and recorded their responses on a sheet. This time, no printed context was given; instead there were ten pairs of letters on each line of the response sheet. After every ten stimuli a brief tone was recorded, in order to pre-vent subjects losing track. An important difference from the sentences condition was that conditions (4) ( ----+ } and (5) ( + ----) were not mixed with the other conditions, but came in separate random orders at the end of the sessions.
This was done because in these conditions only a single vocalic transition was present, and subjects had to be told to try to identify a plosive consonant at the beginning [condition (4)] or at the end [condition (5)] of the stimulus. An additional difficulty in condition (5} ( + ----) was that 40% of the time a voiced plosive had to bc identified at the end of a transition, although in Dutch voiced plosives do not occur in word-final position.
II. RESULTS
The results are presented in Table II . The left-most column shows the two consonants forming a particular binary opposition, followed by two columns for each of the conditions (I)-{5), showing the correct response percentages for the sentences (S) and the isolated plosive consonants (I). Unequal percentages for the two members of a pair in one condition are due to response preferences on the part of the sub- jects. These response preferences may have many causes: they may be due to, for example, a lexical preference (cf. ( Table   I . In the second consortant pair data for the fifth sentence pair are missing because something had gone wrong in the recording.
TABLE II. Percent correct scores per consonant pair in the sentence context (S) and in isolation (I). cond.:(l) + + + (2) -+ -(3) + -+ (4) --+ (5)+ --
Consonant
Sentence were higMy significant (p<0.001) . Aposthoc Newman-Keuls test was used to determine the signifieance of the differences within the pairs of data points belonging to the same condition, but to different contexts. The significance level is indicated in Fig. 2 below th•se pairs; in tMs way the effect of context (sentence or VCV} can be read off at a glance. In addition to the Newman-Keuls test, we also performed a double check on the differences by means of separate analyses of variance for each pair of data points. The same picture emerged from both procedures, with only a few very marginal differences.
Assuming that the symmetrization procedure described above does remove all or most of the response preferences, we can now see in Fig. 2 which of the significant differences between the sentence and the VCV context are due to these preferences, and which are not. It is clearly visible that the difference between the two contexts is hardly affected by response preferences in the case of the voiced plosives and/d/: the "nonsymmetrical" and "symmetrical" data points for these consonants reveal very similar patterns. With the unvoiced plosives, however, especially condition (5) ( + ---) is unreliable for drawing comparisons between sentences and VCV segments.
The results for condition (6) ( ------) lwhich only occurred in the sentences context) are shown in Table III , which has largely the same organization as Table I, except that in Table Ill two Tables I and III allow one to compare the genuine response bias Ipreference for a particular meaning of the sentence) with the response tendencies present when all consonant information has supposedly been removed from the auditory signal. It was expected that there would be no great differences between responses to printed stimuli and to printed-cure-auditory stimuli, if neither contained any information about the response to be given, unless the preference for one phoneme or another in a particular sentence conflicted strongly with the auditory results of cutting away parts of the speech signal.
As can be seen in Tables I and III, -+ -) is the one involving fo/, where the reverse is true. Thus, plosive bursts did not benefit from appearing in the sentence context; context actually seemed to have a slight masking effect on the burst.
With respect to the vocalic transitions, our hypothesis was that they would be perceived better in an appropriate sentence context than in isolated VCV segments. Indeed, transitional information did lead to higher scores in the sentences than in the VCV stimuli. Although this agrees with our hypothesis, we have to be careful about accepting it at face value, since at least two objections could be raised: ( Table III appears to lend support to the idea that the sentence context did retain cues to the identity of the deleted plosive consonant: condition (6) consisted only of the supposedly neutral sentence context, but the correct response percentages are above the chance level of 50%: the average over all sentence pairs is 61%. There was a strong response preference for/p/, but correcting for this imbalance does not materially affect the overall correct score of a little over 60%: it only increases from 61% to 63%. Since we do not believe that subjects were able to make use of any unintended differences between the two members of a sentence pair, we can only conclude that even cutting in the middle of a vowel, as we have done, does not remove all the coarticulatory information about the preceding or the following plosive consonant (see the spectrograms in Fig. 1 The answer is to be found in Table IV . The idea is that, given certain assumptions, it should be possible to predict the sentence scores from the VCV scores (first column) and from the nonrandom scores for condition (6) (second colThe following steps were taken to obtain the predicted sentence scores:
The original correct score percentages were first corrected for response preference by symmetrizing the 2 X 2 confusion matrices, in order to remove the large differences in preference strength between sentences and VCV segments.
The "symmetrized" scores were then corrected for chance by means of the formula Q ----2Q' -100 in which Q' is the experimental score, and Q is the corrected score. This stretched the original 50%-100% range to a necessary 0%-100% range.
From these corrected scores the error scores were derived by subtraction from 100%.
If we assume independent sources of information, we can now calculate the predicted sentence score P from the VCV error score Ever and the condition (6) error score E6, in the following way: P = 100 -(Ever XE6)/100%.
The gain is then equal to the actual score minus the predicted score. The various scores for conditions (3), (4), and (5) are given in Table IV , per consonant. Turning first to condition (3) ( + --+ ), we see that the sentence gain for /p/, after symmetrization and correction for chance, is surprisingly great at 25.4%. The gains for/t/and/d/are also considerable, but those for/k/and/b/seem rather small by comparison. In condition (4) ( ---+ ), four of the five consonants show a sentence gain; however,/k/has a small negative sentence gain. In condition (5) ( + ----), finally, only /t/seems to benefit from presentation in a sentence.
Although we realize that the above description is only a qualitative one, we feel quite confident about concluding that our hypothesis (that indirect cues in the sentence context improve plosive identification) is confirmed for conditions (3) ( + --+ ) and (4) ( ----+ ), but not for condition , 1979a,b) we had found that in Dutch VC transitions there is very little consonantspecific information; it is therefore not surprising that the sentence gain is negligible for VC transitions. In the present experiments, moreover, the VC transition was usually relatively weak, and frequently involved the unstressed/•/.
IV. CONCLUSIONS
The hypothesis that information about plosive consonant identity contained in the uocalic transitions is more accessible when the transitions are presented in a sentence context than when these transitions are presented in isolation, was confirmed for the CV transitions except for/k/. It had to be rejectec•for the VC transitions, with tlie possible exception of/t/.
Plosiue burst identification, on the other hand, did not benefit greatly from in-context presentation. The only significant difference between isolated presentation and in-context presentation pointed in the other direction; this applied to fo/and could be interpreted as an effect of forward masking.
These conclusions point to a rather complicated state of affairs: generally speaking, one type of transition (CV) suffers from removal of the sentence context, but the other type (VC) of transition does not; neither does the burst. We think this means that experiments involving the perception of isolated VCV or CVC utterances, whether spoken in isolation or excised from longer utterances, will tend to underestimate the contribution of the CV transition to plosive consonant perception.
